###### Strengths and limitations of the study

-   This is the first study of its kind in Kerala and has estimated the burden of mild cognitive impairment in an urban setting using locally validated tool.

-   The study has used adequate sample size.
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-   Depression and anxiety were assessed using Hospital Anxiety Depression Scale which is a screening tool and does not provide confirmatory diagnosis of these disorders.

-   The diagnosis of dementia was not confirmed by neurologist in the present study.

Introduction {#s1}
============

Advancing age is associated with changes in cognitive ability.[@R1] Dementia, which is the pathological extremity of cognitive impairment, is a major cause of morbidity and dependency among older adults. WHO in 2012 has identified dementia as a public health priority and has developed the global action plan on the public health response to dementia (2017--2025) to reduce its impact on individuals and communities.[@R2] Globally, there were 35.6 million people living with dementia in 2012. Developing countries account for nearly 60% of this burden, with India and China together contributing to more than one-fourth of the global burden.[@R4] India is predicted to have a 300% increase in the prevalence of dementia from 2001 to 2040.[@R5] Kerala, which is the fastest ageing state in India will have significant contribution to this increase.[@R6] It is projected that by midcentury, 35% of Kerala's population will be older than 60 years.[@R7] This will lead to an unprecedented increase in cognitive disorders, with overwhelming impact on caregivers, health sector, society and the government.

Mild cognitive impairment (MCI) is a diagnostic entity used to describe cognitive impairment in non-demented people. The concept of MCI was introduced by Petersen in 1997.[@R8] It refers to a transitional stage in the cognitive continuum from normal ageing to pathological ageing, where people experience cognitive decline greater than that is expected for the age, yet do not meet the criteria for the diagnosis of dementia.[@R8] People with MCI are at 10 times higher risk of developing dementia than cognitively healthy older adults.[@R10] In addition to increased risk of dementia, these people have more than twice the risk of all-cause mortality compared with those with normal cognition.[@R13]

The prevalence of MCI reported from different regions of the world varies widely between 3% and 42%.[@R14] Previously published studies from India estimate prevalence between 15% and 33%.[@R15] This wide variation in estimates could be due to differences in MCI definitions, the age structure of population or assessment tools used.[@R14]

Various sociodemographic, physical and psychological factors have been found to be associated with MCI. Advancing age,[@R18] male gender,[@R16] low socioeconomic status, low levels of education and manual labour have been identified as risk factors in different settings.[@R19] Patients with diabetes mellitus[@R20] and hypertension[@R21] are at increased risk of developing MCI. Neuropsychiatric disorders like anxiety and depression also predispose older adults to develop MCI later in life.[@R22] Increasing years of schooling[@R18] and socialisation[@R23] have been reported as protective against MCI.

There is increasing evidence on the burden and risk factors for cognitive impairment in the recent years, but most of these have been published from Western countries. The 10/66 dementia studies among few others focus on cognitive disorders in low/middle-income countries (LMICs), but they either report prevalence of specific subtypes of MCI or give general estimates for the LMICs rather than country-specific estimates.[@R16] The literature on the burden assessment or characterisation of MCI in Kerala is very limited. Even though a few studies have assessed the dementia prevalence in Kerala, there has been none on MCI.[@R25] The existing evidences of MCI prevalence in India are based on North Indian populations, which are very different from Kerala in terms of ageing trends and sociodemographic profile.[@R15]

In the context of rapid ageing in Kerala, it is important to bridge this research gap. This study was undertaken to assess the prevalence of MCI and to study the factors associated with MCI in older individuals in an urban area of Kerala, India. The results obtained from the study can provide valuable inputs for planning healthcare services of older individuals in similar settings.

Methodology {#s2}
===========

This was a community-based, cross-sectional study undertaken in the population under Medical College Health Unit, Pangappara, Thiruvananthapuram, Kerala, in South India, between October 2012 and January 2014. The health unit caters to an urban area with a population of 113 000. The area under the centre is divided into 10 subcentres (peripheral most health service units under the Department of Health). The study population included community-dwelling older adults aged 60 years and above in this area. Individuals with severe visual and hearing impairment and those not willing to consent were excluded from the study. Based on an expected prevalence of 33%,[@R17] alpha error of 5%, relative precision of estimate as 20% and design effect of 2, the sample size was calculated as 426. Relative precision was taken as 20% of prevalence (=6.6), since the power of the study was fixed at 80%. The number of clusters was arbitrarily fixed as 20. A cluster was defined as a group of 21 older adults. These clusters were chosen from the 10 subcentre areas by probability proportionate to the population size of the subcentres, that is, subcentres with larger population had more clusters sampled from them. Twenty-one participants from each cluster were chosen by proximity method. Twenty clusters each with 21 participants yielded a sample size of 420. An additional of one sample each was taken from the first six clusters to meet the estimated sample size of 426. Ethics clearance was obtained from the Institutional Ethics Committee of Government Medical College, Thiruvananthapuram, India.

Study variables {#s2a}
---------------

### Sociodemographic variables {#s2a1}

Age, sex, education (years of schooling), socioeconomic status based on ration cards (classified as above poverty line and below poverty line), occupation (currently employed, pensioner or unemployed), marital status, type of family (nuclear or joint) and living arrangement.

### Lifestyle factors {#s2a2}

Regular physical activity (for 30 min a day for at least 5 days a week), alcohol use (ever users or never users), tobacco use (smoked and non-smoked tobacco-ever users or never users), current engagement in leisure activities at home (reading books, reading newspapers, participation in games, watching TV, gardening, listening to music or any other activities during leisure)

### Comorbidities {#s2a3}

History of hypertension, diabetes, heart disease, chronic obstructive pulmonary disease, stroke, hearing and visual problems, imbalance on walking and serious head injury (requiring admission and treatment) were collected from the participant or the relative. Depression was defined as a score of 7 or more in depression subscale of Hospital Anxiety Depression Scale (HADS) and anxiety as a score of 9 or more in the anxiety subscale of HADS.[@R27]

### MCI {#s2a4}

**MCI** in the study was assessed using the definition of European Alzheimer's Disease Consortium in June 2005.[@R28] Participants who met all the five criteria of this definition were defined as MCI cases.The assessment method used for each criterion is given in [table 1](#T1){ref-type="table"}. Based on the cognitive features, MCI was categorised into single-domain amnestic (only memory domain affected), multiple-domain amnestic (multiple domains affected, including memory), single-domain non-amnestic (single domain other than memory affected) and multiple-domain non-amnestic (multiple domains affected, not including memory). Dementia was assessed using Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria.[@R29]

###### 

Definition of MCI by EADC in 2005 and the instruments and cut-offs used for its assessment in the study

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  MCI definition criteria                                                                                        Instrument used                                                           Assessment cut-off adopted in the study
  -------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Cognitive complaints coming from the patients or their families\                                           History from the patient or bystander                                     
  2. Reporting of a relative decline in cognitive functioning during the past year by the patient or informant                                                                             

  3\. Cognitive disorders as evidenced by clinical evaluation                                                    Malayalam version of Addenbrooke's Cognitive Examination (m-ACE).[@R47]   Score below the cut-off in at least one of the seven cognitive domains assessed.\
                                                                                                                                                                                           \[One SD below the mean score (of that educational category) was taken as the cut-off for each domain\]

  4\. Absence of major repercussions on daily life                                                               Everyday Ability Scale for India (EASI)                                   95th percentile of EASI scores of subjects with no subjective or objective cognitive decline in the study sample was taken as cut-off. This was 2; a score up to 2 was taken as normal activities of daily living.

  5\. Absence of dementia                                                                                        DSM IV criteria                                                           Patients not satisfying this criteria
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; EADC, European Alzheimer's Disease Consortium; MCI, mild cognitive impairment.

Patient and public involvement {#s2b}
------------------------------

Participants were not directly involved in the development of the study. However, the authors received input from Accredited Social Health Activists (ASHA workers) regarding participant priorities and preferences on outcome measurement. ASHA workers are community health workers who are local residents and are the key communication mechanism between population and healthcare services. Their opinions in health-related matters reflect the needs and preferences of the community they serve.

Data collection {#s2c}
---------------

Data were collected by trained interviewer by visiting the participants in their home. Written informed consent was obtained from all eligible participants (or relatives) before collecting data. All interviews were conducted by a physician researcher who was trained in administering the neuropsychiatric inventory, at the Department of Neurology in Government Medical College Trivandrum.

Data analysis {#s2d}
-------------

Data analysis was done using SPSS V.20.0.[@R30] Quantitative variables with normal distribution were expressed as mean and SD and categorical variables as frquency and percentage. Bivariate statistical inference was done using independent t-test (quantitative) and χ^2^ (categorical variables). Binary logistic regression was used to find out the factors associated with MCI. Purposeful selection of variables was conducted to create final regression model.[@R31]

Results {#s3}
=======

Four hundred and forty-four eligible participants were approached for the interview, out of which 426 participated. The non-response rate was 4%. The baseline characteristics of the 426 subjects included in analysis are given in [table 2](#T2){ref-type="table"}. The mean age of the study participants was 69.9 (SD 7.9) years. Women formed majority of study participants (62%). As evident from [figure 1](#F1){ref-type="fig"}, the most common self-reported comorbidity was chronic joint pain (61%), followed by visual impairment (52.1%). Hypertension and diabetes mellitus were reported by 46.7% and 38.7% of the subjects, respectively. The proportion of study participants with depression and anxiety as assessed by HADS was 44.1% and 36.9%, respectively.

###### 

Baseline characteristics of the study participants (n=426)

  -----------------------------------------------------------------------------
  Characteristics                  Categories          Frequency (percentage)
  -------------------------------- ------------------- ------------------------
   Age in years                    60--69              229 (53.8)

  70 and above                     197 (46.2)          

   Gender                          Males               160 (38)

  Females                          266 (62)            

   Years of education               ≤ 8                248 (58.2)

   Mean (SD)=6.78 (4)                \>8               178 (41.8)

   Marital status                  Currently married   275 (64.6)

  Widowed/separated/\              151 (35.4)          
  unmarried                                            

   Occupation                      Pensioner           127 (29.8)

  Currently employed               43 (10.1)           

  Unemployed                       136 (31.9)          

  Home maker                       120 (28.2)          

   Socioeconomic status            APL                 303 (71.1)

  BPL                              123 (28.9)          

   Living arrangement              With spouse         237 (55.6)

  Relative other than spouse       164 (38.5)          

  Alone                            25 (5.9)            

  Lifestyle factors                                    

   Alcohol user (Men n=160)        Ever users          81 (50.6)

  Never users                      79 (49.4)           

   Alcohol use (Women n=266)       Ever users          0 (0)

  Never users                      266 (100)           

   Tobacco use (Men n=160)         Ever users          86 (53.8)

  Never users                      74 (46.2)           

   Tobacco use (Women n=266)       Ever users          48 (18)

  Never users                      218 (82)            

   Had regular physical activity   Yes                 120 (28.2)
  -----------------------------------------------------------------------------

APL, above poverty line; BPL, below poverty line.

![Proportion of study subjects with comorbidities (n=426). HADS, Hospital Anxiety Depression Scale.](bmjopen-2018-025473f01){#F1}

Six patterns of cognitive status (A, B, C, D, E and F) were observed among the study participants ([table 3](#T3){ref-type="table"}). These patterns ranged in a cognitive spectrum from normal cognition to dementia as depicted in [figure 2](#F2){ref-type="fig"}. Pattern A was normal cognition, while patterns D and F corresponded to MCI and dementia, respectively. The prevalence of MCI was obtained as 26.06% (95 % CI 22.12 to 30.43). Dementia was identified in 24 out of the 426 participants (5.63%).

###### 

Patterns of cognitive status observed based on the cognitive assessment tools used in the study

  Criteria assessed             Subjective evidence of cognitive decline                                  Objective evidence of cognitive decline                                                                            Abnormal activities of daily living                          Satisfies diagnostic criteria for dementia
  ----------------------------- ------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------ --------------------------------------------------------------------------------
  Method of assessment          Positive history of cognitive decline from the patient or the bystander   An abnormal score in any of the domains of cognition in Malayalam version of Addenbrooke's Cognitive Examination   An Everyday Abilities Scale for India score of more than 2   Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria
  Patterns of cognition                                                                                                                                                                                                                                                                   
  A-Normal                      Absent                                                                    Absent                                                                                                             Absent                                                       Absent
  B                             Present                                                                   Absent                                                                                                             Absent                                                       Absent
  C                             Absent                                                                    Present                                                                                                            Absent                                                       Absent
  D-Mild cognitive impairment   Present                                                                   Present                                                                                                            Absent                                                       Absent
  E                             Present                                                                   Present                                                                                                            Present                                                      Absent
  F- Dementia                   Present                                                                   Present                                                                                                            Present                                                      Present

![Spectrum of cognitive pattern of the study participants (n=426).](bmjopen-2018-025473f02){#F2}

As shown in [figure 3](#F3){ref-type="fig"}, 56.8% of the patients with MCI were in the age group 60 to 69 years, and 60.4% of them were women. Memory was affected in 65.8%of the MCI cases (amnestic MCI). The most common subtype of MCI was multiple-domain amnestic (55.9% of the MCI cases) ([figure 3](#F3){ref-type="fig"}). [Figure 4](#F4){ref-type="fig"} shows the proportion of MCI cases with abnormal scores in various subscores of Malayalam version of Addenbrooke's Cognitive Examination (m-ACE). Recall and language were the subscores affected in maximum number of participants.

![Distribution of mild cognitive impairment (MCI) cases (n=111) by age, gender and type of MCI.](bmjopen-2018-025473f03){#F3}

![Proportion of mild cognitive impairment (MCI) cases showing decline in various sub scores of Malayalam version of Addenbrooke's Cognitive Examination (m-ACE) (n=111).](bmjopen-2018-025473f04){#F4}

Patients with MCI (pattern D, n=111) were compared with those with normal cognition (pattern A, n=168) to evaluate the factors associated with MCI ([table 4](#T4){ref-type="table"}). All variables having p value of less than 0.2 in bivariate inference testing were entered as independent variables in the logistic regression model. The variables which showed positive association with MCI, adjusting for covariates, were imbalance on walking (adjusted OR 2.75; 95% CI 1.46 to 5.17), depression (adjusted OR 2.17; 95% CI 1.21 to 3.89), anxiety (adjusted OR 2.22; 95% CI 1.21 to 4.05), current or previous use of alcohol (adjusted OR 1.99; 95% CI 1.02 to 3.86). Leisure activities at home (adjusted OR 0.33; 95% CI 0.11 to 0.95) showed negative association with MCI.

###### 

Factors associated with MCI: result of bivariate and logistic regression analyses

  Determinants of MCI                         MCI (pattern D, n=111)   Normal cognition (pattern A, n=168)   χ^2^ test   
  ------------------------------------------- ------------------------ ------------------------------------- ----------- ---------------------
  Age (years)                                                                                                            
   60--69                                     63 (56.8)                102 (60.7)                            0.658       0.85 (0.52 to 1.38)
   ≥ 70                                       48 (43.2)                66 (39.3)                                         
  Gender                                                                                                                 
   Male                                       44 (39.6)                63 (37.5)                             0.719       1.09 (0.67 to 1.79)
   Female                                     67 (60.4)                105 (62.5)                                        
  Socioeconomic status                                                                                                   
   APL                                        72 (64.9)                123 (73.2)                            0.137       0.68 (0.40 to 1.13)
   BPL                                        39 (35.1)                45 (26.8)                                         
  No. of years of education                                                                                              
   ≤8 years                                   68 (61.3)                89 (53)                               0.172       1.40 (0.86 to 2.29)
   \>8 years                                  43 (38.7)                79 (47)                                           
  Marital status                                                                                                         
   Currently married                          72 (64.9)                115 (68.5)                            0.533       0.85 (0.51 to 1.41)
   Widowed/unmarried/separated                39 (35.1)                53 (31.5)                                         
  Occupation                                                                                                             
   Currently employed/pensioner               43 (38.7)                72 (42.9)                             0.494       0.84 (0.52 to 1.38)
   Unemployed                                 68 (61.3)                96 (57.1)                                         
  Presence of diabetes mellitus               41 (36.9)                58 (34.5)                             0.68        1.11 (0.67 to 1.83)
  Presence of hypertension                    54 (48.6)                72 (42.9)                             0.341       1.26 (0.78 to 2.04)
  Presence of ischaemic heart disease         12 (10.8)                20 (11.9)                             0.779       0.90 (0.42 to 1.92)
  Presence of imbalance on walking            40 (36)                  26 (15.5)                             \<0.001     3.08 (1.74 to 5.44)
  Alcohol use                                                                                                            
   Ever users                                 26 (23.4)                26 (15.5)                             0.095       1.67 (0.91 to 3.06)
   Never users (ref)                          85 (76.6)                142 (84.5)                                        
  Tobacco use                                                                                                            
   Ever users                                 39 (35.1)                45 (26.8)                             0.137       1.48 (0.88 to 2.49)
   Never users(ref))                          72 (64.9)                123 (73.2)                                        
  Has adequate physical activity              27 (24.3)                59 (35.1)                             0.056       0.59 (0.35 to 1.02)
  Has at least one leisure activity at home   84 (75.7)                141 (83.9)                            0.088       0.59 (0.33 to 1.08)
  Presence of depression                      67 (60.4)                54 (32.1)                             \<0.001     3.22 (1.95 to 5.30)
  Presence of anxiety                         60 (54.1)                40 (23.8)                             \<0.001     3.77 (2.25 to 6.30)

  Logistic regression                                        
  ------------------------------------------- ------- ------ --------------
  Presence of imbalance on walking            0.002   2.75   1.46 to 5.17
  Alcohol use (ever users vs never users)     0.043   1.99   1.02 to 3.86
  Has at least one leisure activity at home   0.041   0.33   0.11 to 0.95
  Presence of depression                      0.009   2.17   1.21 to 3.89
  Presence of anxiety                         0.01    2.22   1.21 to 4.05

\*Final model with all significant variables.

APL,above poverty line; BPL, below poverty line; MCI, mild cognitive impairment

Discussion {#s4}
==========

The prevalence of MCI in urban Kerala was 26.06%. While this is comparable to the rates in some developed regions of the world, it is higher than the prevalence reported from other parts of India.[@R32] Studies conducted among North Indian and East Indian older individuals using Kolkata cognitive screening battery have reported prevalence of 19.26% and 14.9%, respectively.[@R15] This difference in prevalence could probably be due to the difference in study population and the definitions used. The study in Kolkata enrolled subjects aged 50 years and above who were free of depression. In fact, even in the current study, the proportion of MCI cases among non-depressed subjects was 18.5%. The lack of a standardised tool or instrument for diagnosing MCI makes the comparisons across various settings difficult.

As evident from [figure 2](#F2){ref-type="fig"}, only less than 40% of the participants had normal level of cognition. Six out of ten older adults had some form of cognitive impairment. Around 10% of the study participants had cognitive impairment affecting activities of daily living. All these findings point to the fact that there is a substantial and largely unidentified need for care of older adults with cognitive impairment in urban Kerala. The government of Kerala has launched an initiative called Vayomithram, through which mobile clinics offer home-based healthcare, palliative and counselling services to older adults.[@R36] Community-based care of patients with severe cognitive impairment can be integrated into these services.

In addition to the normal cognition, MCI (group D) and dementia (group F), three additional cognitive patterns were observed in the study. Subjects categorised as groups B and C have a level of cognition between normal cognition and MCI, while group E lies between MCI and dementia. This observation is a pointer to the concept of transitional stage between normal and pathological ageing which needs to be further explored.

Two-thirds of the MCI cases were amnestic. Studies in Beijing and the Einstein Ageing study have also reported similar findings.[@R37] Multiple domain amnestic MCI was identified as the the most common subtype in the present study. Knowing this pattern helps to better target prevention and early detection strategies.

MCI patients had a higher proportion of diabetes mellitus and hypertension compared with those with normal cognition, but these were not statistically significant. The positive factors associated with MCI were history of imbalance on walking, presence of depression, anxiety and current or previous use of alcohol. Various studies have shown objective gait assessment as an effective screening method for early detection of MCI.[@R39] The current study has shown that even history of imbalance reported by the patient can be used for early detection of cognitive impaiment. Studies from across the world have shown that depression and anxiety are risk factors for MCI.[@R22] The present study gives evidence to support these findings. In fact, depression and anxiety assessed using a single scale (HADS) could be used as screening tool to identify older adults at risk of MCI. However as with Alzheimer's disease, depression and anxiety might be the manifestations of shared brain pathology of MCI patients.

Leisure activity at home was found to be protective against MCI, compared with not having any activities during leisure. This is similar to findings from the Mayo Clinic Study of Ageing in Minnesota, that reading books and engaging in craft work are protective against MCI.[@R42] Even though leisure activities at home were protective, the present study could not elicit a protective association of MCI with social activities outside home.

The results of various studies evaluating the association of alcohol with cognitive impairment have been inconclusive, equivocal and contradicting. This study has observed alcohol use being positively associated with MCI. Certain studies have observed a U-shaped curve where non-users and frequent or heavy users of alcohol had twofold risk of developing MCI compared with infrequent or moderate users.[@R43] The variability of findings might be due to interaction with age, gender, other lifestyle factors or difference in drinking patterns. Our study did not analyse the duration, pattern or type of alcohol use. Alcoholism is a public health problem in Kerala, where 45% of adult men and 14% of older men are alcohol users.[@R45] In a population with such a high prevalence of alcohol use, this association should be considered significant in the epidemiology of dementia and needs to be evaluated further in future studies.

Conclusion {#s5}
==========

The burden of MCI in Kerala is high and will contribute to the increasing burden of dementia. The study indicates that gait imbalance, depression and anxiety are positively associated with MCI. These factors could be targeted in future studies to develop prevention and screening strategies for detection of early stages of cognitive decline in older individuals. The study also throws light on the transitional stages of cognitive decline between normal and dementia. Further studies need to be undertaken to characterise these entities.

Limitation {#s5a}
----------

Depression and anxiety were assessed using HADS which is a screening tool and does not provide confirmatory diagnosis of these disorders. However, psychiatrist diagnosis is not cost-effective for community-based studies in LMIC. Use of valid screening tools which can be administered by peripheral healthcare workers are justifiable to increase the detection rates in the community. The diagnosis of dementia was not confirmed by a neurologist in the present study, but the estimates were comparable to other studies in the same setting.[@R46] Third, the study did not assess the duration and quantity of alcohol use. Future analytical studies should be designed to better evaluate the association of these factors with MCI and its progression to dementia. Although controlled for some known confounders, there may be additional confounders that are unaccounted for in our analyses.
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